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(57) ABSTRACT 
In a method for determining the angle of inclination of a 
two-wheeled vehicle of the type of a bicycle, a scooter or a 
motorcycle with respect to the roadway normal, the angle of 
inclination is able to be determined simply and accurately if 
the transverse acceleration of the vehicle is measured using a 
transverse acceleration sensor and the acceleration in the 
direction of the vertical axis of the vehicle is ascertained and 
the angle of inclination with respect to the roadway normal is 
calculated based on the two acceleration values. 
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1. 

METHOD AND DEVICE FOR DETERMINING 
THE ANGLE OF INCLINATION OFA 

TWO-WHEELED VEHICLE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method and device for 

determining the angle of inclination of a two-wheeled 
vehicle. 

2. Description of Related Art 
During cornering using a two-wheeled vehicle of the type 

of a bicycle, a Scooter or a motorcycle, the center of tire 
contact wanders from the middle of the tire casing in the 
direction towards the side. The distance of the center of tire 
contact from the tire center plane is an important variable, 
especially during braking and accelerating in the curve, since 
this distance, in connection with the braking force or accel 
erating force acting in the vehicle's longitudinal direction, 
gives rise to a torque about the Z axis (vertical axis), which is 
transmitted to the steering. 

Different methods are known from published European 
patent document EP 370469 or published European patent 
document EP 0943517 for determining the angle of inclina 
tion of a two-wheeled vehicle with respect to the roadway. 
However, these methods are more likely not practicable for 
mass production application. 

BRIEF SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to create a 
method and a device, which make it possible to determine the 
angle of inclination of a two-wheeled vehicle with respect to 
the roadway, in a simple manner and cost-effectively. 
One essential aspect of the present invention is to calculate 

the angle of inclination from the transverse acceleration and 
the acceleration in the direction of the vertical axis (Z axis) of 
the vehicle. The designation “angle of inclination' should be 
understood to mean the angle between the vehicle's vertical 
axis and the roadway, as well as, in addition, each angle from 
which Such an angle is able to be calculated, such as the angle 
of the vehicle's vertical axis with respect to the roadway 
normal. The transverse accelerationa, is preferably measured 
directly using a transverse acceleration sensor. The accelera 
tion in the direction of the vertical axis may either also be 
measured using an acceleration sensor or calculated from the 
sensor signals of one or more other sensors, such as a yaw rate 
sensor or a speed sensor. The angle of inclination of a two 
wheeled vehicle with respect to the roadway may thus be 
determined in a very simple manner. 

According to one preferred specific embodiment of the 
present invention, angle of inclination B is calculated from the 
two acceleration values a, a and a geometrical relationship 
that describes the course of the tire geometry in the transverse 
direction. One may approximately assume a circular segment 
for the tire geometry, for example. In this case, one could 
describe the tire geometry by a radius r. 
One device according to the present invention for deter 

mining angle of inclination B of a two-wheeled vehicle 
includes at least one transverse acceleration sensor and a 
device for determining acceleration a in the direction of the 
Vertical axis of the vehicle, as well as a device Such as a 
control unit, for calculating the angle of inclination on the 
basis of acceleration values a, a and perhaps additional 
variables. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a representation of various geometrical vari 
ables and accelerations which occur during the cornering of a 
two-wheeled vehicle. 

FIG. 2 shows a schematic block diagram of a device for 
determining the angle of inclination of a two-wheeled vehicle 
with respect to the normal of the roadway. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 shows various geometrical variables and accelera 
tions which occur during cornering of a two-wheeled vehicle. 
Reference numeral 4, in this context, designates the tire cas 
ing, C the center of tire contact on roadway Surface 1, and 2 a 
virtual horizon. The angle of inclination of the vehicle with 
respect to roadway normal N is denoted by B. The course of 
the tire cross section profile is assumed, in this case, in a 
simplified manner as a circular segment having a radius r. The 
distance of center of tire contact C from the tire center plane 
or vehicle center plane 3 is designated as I. 
The vehicle has a center of gravity S having a center of 

gravity heighth in the direction of the vertical axis (the z 
axis) of the vehicle. During cornering, accelerations a, acts in 
the transverse direction (y direction) and a acts in the direc 
tion of Vertical axis Z. The gravitational acceleration is 
denoted by g. Arrow a gives the acceleration in the direction 
of virtual horizon 2. 

Angle of inclination w with respect to a plumb line is 
composed of the effective angle of inclination, between 
plumb line ganda Straight line that runs through center of tire 
contact C and center of gravity S, and an angle 8 between this 
straight line and vehicle center plane 3. Consequently, we 
have 

The angle of inclination B of the vehicle with respect to the 
roadway normal, that is sought, may now be estimated as 
follows: 

In this case this was based on a circular profile cross section 
having a radius r. For other tire cross section geometries, the 
connection between I and B may be adapted appropriately. 

Distance I may be calculated as follows, in this context: For 
additional angle of inclination 6, the following first applies: 

According to FIG. 1 the connection between 8 and lateral 
offset I of center of tire contact C is: 

h - r + v r2 - 12 
tand = 

If I remains Small compared to hy, one may approximate as 
follows: 
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dy 
as histand = h-- 

(i. 

In Summary, angle of inclination B of the vehicle with 
respect to the roadway normal may be estimated as follows 
from accelerations a, and a: 

The value of transverse accelerationa, is measured directly 
using a transverse acceleration sensor 6 (see FIG. 2). The 
value a for the acceleration in the direction of vertical axis Z 
of the vehicle may also be directly measured or may option 
ally also be calculated, for instance, according to the method 
of DE 10235378 A1, from the signal of a yaw rate sensor and 
the vehicle's longitudinal speed. In this instance, an angle of 
inclination W is first calculated from the sensor signals, and 
then accelerational is calculated from angle of inclination w: 

a sV stag vi +tanisgV1+tan). 
This applies for small angles 8, that is, where - . 
This method for the calculation of angles of inclination 

applies only for stationary states, however, in which the angle 
of inclination does not change or changes only very slightly. 
In order to detect such a stationary state, for instance, one or 
more rotation rate sensors and acceleration sensors posi 
tioned in different spatial directions may be used. Such an 
additional sensor system may also be used to compensate for 
the influences of a changing angle of inclination B on accel 
eration signals a, and a . 

FIG. 2 shows a device for determining the angle of incli 
nation of a two-wheeled vehicle with respect to roadway 
normal N. In the present exemplary embodiment, accelera 
tion values a, and a are measured using appropriate accelera 
tion sensors 6, 7. The individual sensor signals are fed to a 
control unit 5, which, based on the sensor signals, calculates 
angle of inclination B with respect to roadway normal N 
according to the above equation. In addition, one or more 
additional sensors 8 may be used for detecting and taking into 
account interference variables, and thereby for increasing 
accuracy. Thus, for example, weight sensors, spring excur 
sion sensors or optical sensors may be used to ascertain addi 
tional data on the position or the motion of the two-wheeled 
vehicle. 
What is claimed is: 
1. A computer-implemented method for determining an 

angle of inclination of a two-wheeled vehicle, comprising: 
ascertaining a transverse acceleration and an acceleration 

in the direction of the vertical axis of the vehicle: 
ascertaining a value of a first geometric variable that 

describes a cross-sectional profile of a tire of the vehicle 
along the transverse direction; 

calculating, using a processor of a computer, a second 
geometric variable as a function of the transverse accel 
eration and the acceleration in the direction of the verti 
cal axis; 

calculating, using the processor, the angle of inclination as 
a function of a geometric relationship between the first 
geometric variable and the second geometric variable. 

2. The method as recited in claim 1, wherein the accelera 
tion in the direction of vertical axis is one of (i) directly 
measured using an acceleration sensor for the direction of the 
vertical axis of the vehicle or (ii) calculated from a signal of at 
least one acceleration sensor. 
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3. The method as recited in claim 1, wherein the second 

geometric variable corresponds to the distance of the center of 
tire contact from a tire center plane. 

4. The method as recited in claim 1, wherein the accelera 
tion in the direction of the vertical axis is calculated from 
signals of a yaw rate sensor and a speed sensor. 

5. The method as recited in claim 3, wherein the angle of 
inclination (B) is calculated from the relationship: 

p3 = arcsin(); 

I being the second geometric variable, and r being the first 
geometric variable, which is a profile radius of the tire. 

6. The method as recited in claim 3, wherein the distance I 
of the center of tire contact from the tire center plane is 
calculated from the relationship: 

C 
I = hl 

d 

where his the height of the center of gravity of the vehicle, 
a, is the transverse acceleration value, and a is the value 
of the acceleration in the direction of the vertical axis of 
the vehicle. 

7. The method as recited in claim 5, wherein the angle of 
inclination f3 is an angle of inclination of the vehicle with 
respect to the roadway normal. 

8. A device for determining an angle of inclination of a 
vehicle, comprising: 

a device for determining a transverse acceleration of the 
vehicle: 

a device for determining an acceleration of the vehicle in 
the direction of the vertical axis of the vehicle; and 

a processing device configured to calculate the angle of 
inclination by: 
calculating a second geometric variable as a function of 

the transverse acceleration and the acceleration in the 
direction of the vertical axis; and 

calculating the angle of inclination as a function of a 
geometric relationship between a first geometric vari 
able that describes a cross-sectional profile of a tire of 
the vehicle along the transverse direction and the sec 
ond geometric variable. 

9. The device as recited in claim 8, wherein the device for 
determining the acceleration in the direction of the vertical 
axis is an acceleration sensor. 

10. The device as recited in claim 9, wherein the device for 
determining the acceleration in the direction of the vertical 
axis includes at least one of a yaw rate sensor and a further 
sensor, and wherein the acceleration in the direction of the 
Vertical axis is calculated based on at least one signal from the 
at least one of the yaw rate sensor and the further sensor. 

11. The device as recited in claim 9, wherein the processing 
device is configured to, when calculating the angle of incli 
nation, compensate for changes in the transverse acceleration 
and the acceleration in the direction of the vertical axis, which 
changes are caused by motion of the vehicle, by taking into 
account at least one additional sensor signal that provides 
information about the motion of the vehicle. 

k k k k k 
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